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@ Elliptic flow, measure:

)
@ Hydro:

Vg ~ €
(linearity of perturbation)

@ Event-by-event fluctuations of vy measured (PHOBOS, STAR)
Avy /vy ~ Ae/e
<O «Fr < > o« A
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Introduction

Understanding the statistics

Monte Carlo simulations in Glauber models
Summary

A typical gold-gold event

all nucleons wounded nucleons binary collisions

Sizable fluctuations of the principal axes )

Aguiar+Kodama+QOsada+Hama 2001, Miller+Snellings 2003, PHOBOS 2005,
Bhalerao+Blaizot+Borghini+Ollitrault 2005,
Andrade+Grassi+Hama+Kodama+Socolowski 2006, Voloshin 2006, ...
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Understanding the statistics
Monte Carlo simulations in Glauber models

Summary

Toy model - n points on a unit circle

uniform distribution

f(¢) =1 e=1

fixed axes (standard)

= & ik (Ui — 73) = 7 Xk cos(20%)

Average over (infinitely many) events: (¢) =0
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Introduction
Understanding the statistics
Monte Carlo simulations in Glauber models

Summary

Toy model - n points on a unit circle

uniform distribution

fixed axes (standard)

f(¢) =1 =4 w k(Ui — 2}) = Zk 1 cos(2¢y)
Average over (infinitely many) events: (¢) =0
variable axes (participant)

e* =150 | cos2(¢r — ¢*)]

1 n 1 n
= — S(201 X =— 5in (20
- ;(305( k), - ;sm( o)

@* : quantity %Zzzl cos[2(¢px, — ¢*)] maximized in each event
= cos(2¢*) = Y/VYZ+ X2,  sin(24*) = X/ + X2
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Central limit theorem

Unusual measure!

(X) =({r)=0

n 2 n 2
= J (% Z cos(2</>k)> + <% Z sin(2¢k)) =V X2+Y?2
k=1 k=1

(X2) =

(Y?) =&, (XY) =0 (uncorrelated!)
For large n the distribution of Y and X is Gaussian
f(X,Y)=— exp [

m]

=

2 2
n(X*+Y?)]
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Y =qcosa, X =gsina, f(q,a) = Zexp [—an]
Moments:

/:Wda [adarae = 1
/0 2ﬁdoz /0 Oj] dgqf(q, a)

27 [e'e)
2 _ l: *2
/Oda/o qdqq f(g,a) = n—(E )
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Y =qcosa, X =gsina, f(q,a) = Zexp [—an]
Moments:

/O Vda /0 “gdgf(ge) = 1

/O%da /00(21 dqqf(q.a)

27 [e'e)
2 o l: *2
/Oda/o qdqq f(g,a) = n—(E )
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Independent of n (for large n, i.e. in practice n. > 5 )
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Introduction
Understanding the statistics
Monte Carlo simulations in Glauber models

Summary
Toy model, € #£ 0
non-uniform distribution
£(6) = 1+ 2€ cos(2¢)
1— 262 & TG+Hry+2 1 €2
e* = ¢ (262)j (J 2,) (J 2)1F1 ——, 7+ 11— e
Vnr = g2 2 1—2¢2
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Monte Carlo simulations in Glauber models

Summary

£* in the general two-dimensional case

(under the assumption of no correlations of locations of sources)

00 i1 i 3 1. W
o V202 2(262 F(J+2)F(J+2)1F1( 33+ 15 20%,)

_ o2 ) |
Iyovmox <= v) s
1 1
Y = I, oy = %(14,0 —2I3,+ Iy 4), 0% = 2—(14,0 —I4),
1 1 ,
0 = 55~ 52 = / pdpfi(p)p"/ / pdpfo(p)
oy  20%

at b = 0 very simple results (independent of A, energy, model, ...

5 \/71'1470 AE* -

4 1 v k
= ——1 i = —
€ TP VoL I5(p) 2,/n12k70,0 fo(p)
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Monte Carlo simulations in Glauber models

Summary

Glauber-like models tested, GLISSANDO

@ wounded nucleons, g, = 42 mb, d = 0.4 fm

one goal:

compare various Glauber-like models
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Glauber-like models tested, GLISSANDO

@ wounded nucleons, g, = 42 mb, d = 0.4 fm

@ mixed model: 85.5% wounded + 14.5% binary,
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Monte Carlo simulations in Glauber models
Summary

Glauber-like models tested, GLISSANDO

@ wounded nucleons, g, = 42 mb, d = 0.4 fm

@ mixed model: 85.5% wounded + 14.5% binary,
Ow = Opin = 42 mb

@ hot spots: g, = 42 mb, o, = 0.5 mb. When a rare binary
collision occurs it produces on the average a large amount of
the transverse energy = 14.5% X 0 /0pin

one goal:

compare various Glauber-like models
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Understanding the statistics

Monte Carlo simulations in Glauber models
Summary

Glauber-like models tested, GLISSANDO

@ wounded nucleons, g, = 42 mb, d = 0.4 fm

@ mixed model: 85.5% wounded + 14.5% binary,
Ow = Opin = 42 mb

@ hot spots: g, = 42 mb, o, = 0.5 mb. When a rare binary
collision occurs it produces on the average a large amount of
the transverse energy = 14.5% X 0 /0pin

@ hot spots + I': Sources may deposit the transverse energy with
a certain probability distribution. We superimpose the T’
distribution with x = 0.5 over the distribution of sources,

g(w, k) = w1 K" exp(—kw) /T'(k),

where w = 1 and var(w) = 1/k

one goal:
compare various Glauber-like models
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Understanding the statistics
Monte Carlo simulations in Glauber models

Summary

Event-by-event fluctuations of v

At low azimuthal asymmetry one expects on hydrodynamical grounds
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hydro: Ae*/e* ~ Av; /v5(Au+Au, central)~ 0.5
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[Sorensen, STAR]

G, pard (€ ) MC Glauber

part
—— nucleon participants

—e— constituent quark participants
----- color glass (fKLN)
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solid - wounded, dashed - hot-spot+I" [Rybczynski, Epiphany’08]
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Summary

Summary

@ Analytic formulas explain why at b = 0 we have
Ace* [e* ~ 0.52, insensitive of the model used or the mass
number of the colliding nuclei

@ At b > 0 some sensitivity of Ae*/c* on the model, small
sensitivity on collision energy

@ CGS [Drescher+Nara] has lower * fluctuations than Glauber

@ Comparison to data shows that the Glauber-like models leave
little or no room for an increase of fluctuations during the
(pre-hydro) evolution

@ Not discussed: Avj/v; = 2Av5 v}
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